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Abstract 
High-tech products from mechanical and plant engineering play a leading role in world trade. Because of their high sales potential, they 
represent an attractive business opportunity and are, therefore, in competition with similar products from different countries. In this context, the 
concept of Industrial Product-Service System (IPS²) provides a possibility for competitive differentiation by offering a holistic problem solution 
including an integrative combination of a physical core product and related services.  The article at hand focuses on the strategic planning of 
IPS². The strategic planning has to ensure the long-term effectiveness of an IPS². Effectiveness implies that an IPS² is target-oriented. Thus, an 
effective IPS² generates the required technical and economic customer benefit in accordance with profitability conditions. In order to maintain 
effectiveness over time, the IPS² has to be adapted if the requirements change. Hence, ensuring long-term effectiveness involves the 
consideration of uncertainty regarding the future state of the environment and subsequent requirements. Changes over time require dynamic 
analyses. As a consequence, ensuring the IPS² effectiveness over a long period of time means ensuring the dynamic effectiveness of an IPS².   
In order to be able to react to future changes and be dynamically effective, the IPS² provider has to integrate adaptability into the strategic 
planning of IPS². In this regard, the paper at hand presents a multilevel approach for identifying the amount and kind of adaptability needed. 
This approach helps planning adaptability measures ensuring the dynamic effectiveness if changes are expected. In order to consider the need 
of adaptability explicitly, an adaptation model is integrated into this approach.   
For the purpose of making the functionality of the presented approach more specific, a hypothetical case study will be presented. By the system 
dynamics approach, the effects of two exemplary personnel capacity measures will be simulated.  
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1. Introduction 
An Industrial Product Service System (IPS²) is known as 
a holistic problem solution including integrated and 
interdependent product and service modules [1]. Furthermore, 
in the case of IPS², business relationships have a long-term 
character. This raises the possibility of changes over time, so 
that the IPS² provider will have to react to changes over the 
whole IPS² lifecycle. [2-4] The IPS² lifecycle can take several 
years and describes the progress of the IPS² business 
relationship over time. It encompasses five phases described 
below [5].  
 Planning phase: In this phase, the customer requirements 
are identified. Further, the IPS² contract has to be created.  
 Development phase: Here, the IPS² concept model is to 
be built. The result of the development phase is the IPS² 
product model in which the product and service parts are 
specified into concrete terms. 
 Implementation phase: In this phase, the physical 
product parts are produced. Further, service potentials 
have to be made available. Finally, the IPS² hast to be 
installed in the customer’s company. 
 Operation phase: This phase is the longest one in the 
IPS² lifecycle. Here, the IPS² is used for performance 
generation. Adaptations have to be undertaken if 
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customer or environmental requirements change (business 
dynamics).  
 Closure phase: In this phase, the IPS² relationship ends 
due to contractual agreements.             
According to the long-term character of IPS² relationships, 
the anticipation of future situations and events is difficult, 
thus, uncertainty occurs [6]. Walker et al. (2003) [7] define 
uncertainty as “[...] any deviation from the unachievable 
ideal of completely deterministic knowledge of the relevant 
system.” Thus, strategic (long-term) planning is challenged to 
work under uncertainty. In the case of IPS², two factors play a 
major role: 
 
1) Incomplete information means that decision makers 
do not have all information needed; or available 
information is stochastic (true only with a certain 
probability). The IPS² provider, for example, does not 
have all information needed to arrange an adequate 
task distribution within the IPS² network. The IPS² 
provider, namely, needs information about the 
strengths and weaknesses of the network partners. 
[8,9] 
 
2) Business dynamics results from interactions between 
different elements (dashed line in Fig. 1) in the IPS² 
business environment. Elements are, for example, 
value creators’ behaviour, technical progress, product 
and service modules (P and S) etc. Business 
dynamics refers, further, to changes of these elements 
over the entire IPS² lifecycle. [10] 
 
Under uncertainty, the main challenge is to ensure the 
effectiveness of an IPS² over time, i.e. continuously. 
Effectiveness means that an IPS² fulfills the customer 
requirements. Since effectiveness depends on requirements, 
the consideration of business dynamics necessitates a dynamic 
view of effectiveness. Thus, an IPS² has to be dynamic 
effective in order to fulfill the customer requirements, not 
only at a certain point of time, but over the whole IPS² 
lifecycle. In the next section, adaptability is presented as a 
means to deal with the challenge described. [11] 
2.  Strategic planning of adaptability in IPS² 
2.1. Adaptability to ensure dynamic effectiveness in IPS² 
 
Adaptability means matching to new situations and 
ensures dynamic effectiveness [11]. Thus, an adaptable IPS² 
generates the required customer benefit, even under changed 
conditions and unforeseen events occurring in the IPS² 
business environment. At this point, the difference between 
flexible and transformable (sub-categories of adaptable) is of 
no further interest. [12] 
The paper at hand focuses on the provider’s strategic 
capacity planning because capacity potentials considerably 
influence the adaptability in the IPS² environment and tie up 
capital. By integrating an adaptation model within the 
strategic capacity planning, decision support will be given for 
developing and selecting adequate adaptability measures. 
With the help of system dynamics, the decision process and 
model, respectively, will be simulated. This enables IPS² 
providers to estimate the long-term effects of different 
measures.    
2.2. A strategic multilevel planning approach for adaptable 
IPS² 
 
 The multilevel approach (Fig. 2) presented in this paper 
helps identify the kind and amount of adaptability needed. 
Further, it serves to identify adequate adaptability measures 
and investigate their long-term, economical effects.  This 
approach is characterized by seven steps. [12, 13]  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1: IPS² target system 
The IPS² target system includes two main target types, 
namely value target and financial target (Fig. 3). The value 
target addresses the customer benefit that is specified in the 
Fig. 1: IPS² within the business environment 
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Fig. 2: Strategic multilevel approach for planning adaptable IPS² 
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IPS² product model. [13] The generation of customer benefit 
has to be effective (meeting customer requirements). Further, 
it has to be efficient meaning that resources used generate the 
highest possible outcome. The main financial target is profit 
maximization. Sales maximization, on the one hand, and cost 
minimization, on the other hand, support profit maximization. 
[12]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 2: IPS² resource and process model 
In this step, the IPS² resource and process model are built. 
[13]. Here, the kind and amount of resources needed for a 
certain IPS² has to be defined. Furthermore, relevant 
processes have to be identified. In particular, resources and 
processes of high criticality have to be identified and 
analyzed. The criticality of resources or processes can be 
evaluated by expected consequences that a lack or failure 
would have on the benefit generation in an IPS². [12]     
Step 3: Analysis of the IPS² business environment 
The analysis of the environment, within which changes can 
occur, has to be done in the third step. Several sources of 
uncertainty are differentiated and analyzed. These are equal to 
the elements of the IPS² business environment in Fig. 1 
[12].XXXXXXXXXXXXXXXXXXXXXXXXXX 
 
Further, there are two ways of analyzing the business 
environment. In the case of a progressive analysis (inward 
looking arrows in Fig. 4), the influence of elements outside 
IPS² on performance generation within the IPS² are focused. 
The retrograde analysis (outward looking arrows in Fig. 4) 
concentrates on uncertainties which stem from the IPS² being 
considered. For example, if the IPS² considered includes an 
innovative product module, its use possibly requires 
additional training in order to prevent failures. [12]   
Step 4: IPS² adaptation model 
The adaptation model is to be developed in order to 
describe how the provider can react to possible changes. 
Different action fields and adaptation measures, respectively, 
are included in the adaptation model. [12] 
Step 5: Simulation  
The paper at hand concentrates on this step, namely the 
simulation of different adaptability measures concerning 
personnel capacity planning. [12] 
Step 6: Action plan 
On basis of the results of the simulation runs, a prioritized 
action plan is to be created. [12]  
Step 7: Control 
After the implementation of the measures, the results 
actually achieved have to be compared with results expected. 
[12]  
In the next sections, step 5 will be presented in detail, 
because it is the most complex step of the presented planning 
approach. A detailed description of the other steps is given in 
[12].  
3. Simulation of IPS² adaptability measures – A system 
dynamics case study 
In order to demonstrate the dynamics of different 
adaptability measures and, hence, to ensure IPS2 
effectiveness, a hypothetical system dynamics case study is 
introduced. System Dynamics is a convenient tool for 
simulating and analyzing dynamic and complex business 
environments as they are typical in case of IPS2 [3,10,16,17].  
In the case study, a short-term and a long-term adaptability 
measure for the personnel capacity planning are compared. 
The concentration on personnel capacity measures is 
motivated by the high personnel intensity due to IPS² service 
modules. Further, the service intensity is most pronounced in 
result-oriented IPS². Therefore, the example refers to a result-
oriented business model, in which the provider carries the 
highest level of responsibility for performance generation in 
an IPS² business relationship. [16,18,19]  
The objectives of this case study are to demonstrate the 
intra-company interdependencies and the effects on liquidity 
of provisioning adaptability. For achieving these objectives, 
the following three steps are necessary.  
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 First, the problem and the adaptability measures will be 
defined.  
 
 Second, quantitative partial models as a basis for 
simulation runs will be introduced. 
 
 Finally, the adaptability measures will be simulated and 
evaluated.  
3.1. Problem definition and adaptability measures 
 
The respective company is a solution provider (SP) in 
mechanical engineering. SP offers holistic and customer-
specific problem solutions by integrating both product and 
service modules (IPS2). SP offers a result-oriented business 
model. By doing so, SP is responsible for the outcome of the 
IPS2 [19]. The strategic personnel capacity planning for IPS2 
service delivery is important to ensure IPS2 performance and 
dynamic effectiveness.  
If SP cannot provide the required amount of technicians to 
meet the customer’s demand, the customer is in risk of a stop 
of production. That means that the customer cannot process 
orders of his own customers. From the customer’s point of 
view, this leads to opportunity costs of lost orders. Thus, in 
case of a production stop, SP has to pay a fine to balance the 
customer’s opportunity costs. These circumstances cause 
uncertainties regarding capacity demand and capacity supply. 
 
In the future, SP predicts a capacity demand for 10 up to 
64 orders monthly. Initially, SP employs 9 experienced 
technicians, which are able to deal with 54 orders per month. 
The employment contract of one service technician needs to 
be renewed promptly. In order to meet the predicted capacity 
demand of 64 orders monthly, there are two different 
adaptability measures. 
 
 Long-term adaptability measure: SP keeps all 9 
experienced technicians and hires 1 more new technician. 
Over time the new technician becomes an experienced 
technician. This option is a long-term capacity 
enlargement. 
 
 Short-term adaptability measure: SP does not renew 
the employment contract of 1 experienced technician. 
Instead, SP only keeps 8 experienced technicians and 
hires temporary technicians if capacity demand increases. 
This option is a short-term capacity enlargement. 
 
3.2. Quantitative partial-models 
 
The total quantitative model is divided into several partial 
models, namely, value proposition, cost structure, revenue 
stream, process model, resource model and adaptability model 
[12,14,15]. Within the scope of this paper, only two partial 
models – resource model and adaptability model – are 
explained in detail. Both of these partial models are relevant 
to analyze the dynamics effects of personnel capacity 
planning. 
 
Resource model. The resource model describes all 
resources needed for IPS2 service delivery [12, 13]. As 
formerly explained, the most important resource for service 
delivery for SP is the availability of technicians.  
 
Fig. 5 shows the stock and flow diagram of the resource 
model of SP. Here, the iThink SD software notation is used. 
Stocks are accumulations and characterize the state of a 
system. They generate the information needed for decision 
support and are symbolized by rectangles. Inflows and 
outflows alter stocks. Inflows are represented by a pipe 
pointing into the stock. Outflows are represented by a pipe 
pointing out of the stock. Flow rates are used to control the 
flows. They are represented by a valve. Other important 
symbols are clouds. Clouds represent the sinks and the 
sources for the flows [10]. 
 
 
Fig. 5: Stock and flow diagram of the resource model 
The resource model mainly concentrates on the 
completion rate and the net working time, as these 
components are leading to capacity supply. The capacity 
supply of technicians consists of a quantitative and qualitative 
component available within a particular time period [16].  
 
Quantitative capacity represents the highest possible 
quantitative performance of a resource. In the context of 
technicians, the quantitative component is described by the 
number of technicians and the net operating time. The net 
operating time is calculated by subtracting all unproductive 
times (e.g. vacation, sick leave) from the gross working time. 
The quantitative capacity is measured by using the net 
operating time multiplied by the number of all technicians. 
For SP, it is assumed that all kind of technicians have the 
equal net operating time. [2, 16, 20] 
 
Qualitative capacity means the type and the volume of 
output of a resource.  Considering technicians, the qualitative 
capacity applies to their skills. [20] 
Here, the qualitative capacity is measured by using the 
completion rate (CR). Formula 1 shows the calculation of CR 
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in general. It is crucial that CR is defined as the average time 
needed to complete a certain amount of different orders 
faultlessly.  
 
ܥܴ ൌ 
ܱݎ݀݁ݎଵ
ܶ݅݉݁݊݁݁݀݁݀ ൅ǥ൅
ܱݎ݀݁ݎ௡
ܶ݅݉݁݊݁݁݀݁݀
ܰݑܾ݉݁ݎ݋݂݋ݎ݀݁ݎݏ  
 
(1) 
 
By this means, multiple skills are considered explicitly. 
The CR is to be determined for different categories of 
technicians individually, e.g. here for experienced technicians, 
new technicians and temporary technicians. The overall CR is 
the total of each category’s individual CR multiplied by the 
percentage proportion of each technician’s category.  
The capacity supply of technicians is connected to the 
adaptability account which is introduced in the adaptability 
model below. 
 
Adaptability model. The adaptability model of SP can be 
seen in Fig. 6. The core of the adaptability model is the 
adaptability account (AA).  Formula 2 shows the calculation 
of AA in general. Via the adaptability account, capacity 
supply (CAPS) is contrasted with capacity demand (CAPD).  
 
ܣܣ௧ ൌ ൜
ܨ݅݊݁௧ܽ݊݀ܫܥܴ௧ǡܥܣܲܦ௧ ൐ ܥܣܲܵ௧
ܣܦܦܤ௧ǡܥܣܲܦ௧ ൑ ܥܣܲܵ௧ 
 
(2) 
If capacity supply exceeds capacity demand, the reason for 
additional benefit (ADDB) and hence regular cash receipts 
(e.g. monthly cash receipts) is given.  
 
 
Fig. 6: Stock and flow diagram of the adaptability model 
If capacity supply is less than capacity demand, two 
consequences occur. First, a fine has to be paid, since not all 
orders are processed. Furthermore, SP gets irregular cash 
receipts (ICR) from its customers (e.g. customers pay per 
order). If the short-term adaptability measure is used, a 
capacity shortage in the adaptability account leads 
additionally to hiring temporary technicians.  
 
The simulation of the dynamic effects on SP’s cash 
receipts, cash payments and cumulative liquid assets is based 
upon the introduced quantitative partial SD models. 
3.3. Evaluation of adaptability measures 
 
The dynamic effects on liquidity of the different 
adaptability measures are illustrated by Fig.7 and Fig. 8. Since 
SP is interested in ensuring dynamic IPS2 effectiveness in 
strategic planning, the development of liquidity is far more 
important than its absolute value.  
 
The dynamic effects of the long-term adaptability 
measure can be seen in Fig. 7. In case of using the long-term 
adaptability measure, the cash receipts stay at a constant level 
except in month ten. It is assumed that the amount of the 
regular cash payments does not alter during the observation 
period. The cash payments rise continuously except in month 
ten. The continuous rise of the cash payments is due to the 
experience of the technicians. The more experienced a 
technician is, the better the technician gets paid. In view of the 
development of cash receipts and the cash payments, the 
cumulative liquid assets rise continuously during the 
observation period, with the exception of month ten. 
 
 
Fig.7: Long-term adaptability measure 
In the tenth month, there are not enough technicians to 
process all orders. Because of this capacity shortage, the 
adaptability account initiates both irregular cash receipts and 
fines. The irregular cash receipts are beyond the cash receipts, 
since SP cannot serve an additional benefit. Furthermore, the 
fine increases the cash payments.  
 
 
Fig. 8: Short-term adaptability measure 
Fig. 8 illustrates the effects on liquidity of the short-term 
adaptability measure. In this case, both cash payments and 
cash receipts develop unstable. The unstable development of 
the cash receipts results from the permanent change between 
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regular and irregular cash payments. The unstable 
development of the cash payments is caused by the fines in 
case of capacity shortage. Consequently, the cumulative liquid 
assets of SP develop unstably, too. 
 
It can be pointed out that the effects on liquidity are far 
easier to plan for SP in case of the long-term adaptability 
measure. By doing so, SP is able to ensure dynamic IPS2 
effectiveness over the entire IPS2 lifecycle. 
4. Conclusion and further research questions 
The paper at hand deals with ensuring dynamic 
effectiveness of IPS2 in strategic planning via adaptability. 
Therefore, a multilevel approach for identifying the amount 
and kind of adaptability needed is presented. All seven steps 
of the multilevel approach are introduced. Further, the effects 
on liquidity of several adaptability measures within the 
personnel capacity planning are simulated in a hypothetical 
case study. Therefore, two partial models, namely the 
resource model and the adaptability model, are introduced in 
detail. The results of the simulation runs show that the effects 
on liquidity of the long-term adaptability measure are easier to 
plan. 
Further research will aim at simulating scenarios with 
different growth rates within the introduced hypothetical case 
study. In doing so, the effects of the adaptability measures can 
be analyzed even more precisely. Another aspect for further 
research is to refine the adaptability measures used in the 
multilevel approach.  
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